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Athermal Interfer metric Device 


Field of the Invention 


[1] This invention relates generally to interferometers, and more particularly to an 
interferometer that is at least substantially athermal. 


Background of the Invention 

[2] An important class of devices for telecommunications applications are wavelength 
tunable laser transmitters. Because of their aging characteristics these laser 
transmitters can shift in wavelength over time for a given set of fixed operating 
parameters. In order to correct for this shift in wavelength, some means of 
wavelength stabilization is typically employed. One type of wavelength stabiHzer, or 
*wavelocker' reHes on the spectral transmittance of a Fabry-Perot etalon. These 
etalons are designed such that the transmitted spectrum is repeated at regular 
frequency intervals (i e the channel spacing). The transmission of a portion of the 
laser light through these devices gives a measure of the laser's wavelength since the 
transmitted spectrum of these devices is stable over time. One problem with these 
devices is that the spectrum is, in general, not fixed as the operating temperature 
changes. The temperature shift in these etalons arises from a change in the optical 
path length with temperature, that is: 

nL dT ndT ^ ' 


[4] where a is the coefficient of thermal expansion, L is the length of the etalon, n is 
the index of refraction of the etalon and the product, nL, is the optical path length. 
An etalon could be made athermal if a material could be found such that the right 
hand side of the above equation equals zero. Unfortunately, at this time, we do not 
know of any such material. 
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[5] Fabry Perot etalons and Gires Toumois etalons are used as building blocks in a 
variety of optical devices to provide functionality to a host of solutions to applications 
in the optical domain. By way of example, U.S. Patent 5,798,859 in the name of 
Colboume et al., discloses a wavelength locker circuit , wherein an element having a 
wavelength dependent characteristic such as a Fabry Perot etalon is used to provide 
an output signal having an amplitude that varies with wavelength. The intensity of a 
reference signal derived from an input signal is compared with an output from the 
Fabry Perot etalon to provide a feedback signal that corresponds to the frequency of 
the input signal. Another wavelocker circuit that utilizes an etalon is disclosed in 
U.S. Patent 6,560,252 in the name of Colboume et al. 

[6] As with most optical circuitry, changes in temperature typically adversely affect 
the performance of a device. For example, the optical path length and free spectral 
range changes in an etalon as temperature varies. In the majority of instances this 
resulting change in output response with a temperature change is xmwanted and 
deleterious to the operation of the device. It is generally assumed and desired, for 
most optical devices to operate in a stable manner with drifting temperature. When 
two different etalons are required, having different optical path lengths, and their 
output responses are to be combined in some manner, differences in their individual 
responses due to changes in temperature can be highly problematic compromising the 
ftmctionality of such a system. By way of example, this can also occur in optical 
devices such as Mach Zehnder interferometers, where a fixed, predetermined, or 
predictable optical path length difference in two arms is required and must be 
maintained. One solution is to provide a temperature compensation circuit, which is 
costly to implement, and requires power to heat or cool in order to maintain an optical 
circuit or component at a constant temperature. 

[7] It is an object of this invention, to provide an interferometric device that is 
substantially athermal; that is, being substantially unaffected by temperature changes 
at normal operating temperatures. 
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[8] It is a further object of this invention, to provide a method for selecting lengths of 
two arms of an interferometer, given two materials, their refractive indices and 
coefficients of thermal expansion, that will yield a substantially athermal structure. 

[9] It is a further object of this invention to provide a substantially athermal 
interferometer that does not require an active temperature compensation circuit. 

Summary of the Invention 

[10] In accordance with an aspect of the invention, there is provided, an 
interferometer comprising a beam splitter and combiner for splitting an input beam 
into two sub-beams and for combining two sub-beams into a single beam; 

[11] a first arm having a length // optically coupled to the beam splitter and 
combiner, said first arm defining a first path within a first material having a refractive 
index ni and a coefficient of expansion aj 

[12] a second arm having a length I2 optically coupled with the beam splitter and 
combiner, said second arm defining a second path within a second material having a 
refractive index n2 and a coefficient of expansion 0.2 wherein the lengths of the two 
arms are selected such that they satisfy the equation: 


[14] In accordance with another aspect of the invention there is provided an at least 
substantially athermal bulk-optic interferometer comprising a beam splitter combiner 
for splitting an input beam provided at a input port into two sub-beams and for 
combining two sub-beams into a single interference beam directed to the beam 
combiner output port; 



= 0 . 
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[15] a first block of material defining a first arm having a length of substantially // 
optically coupled to the beam splitter and combiner, said first arm defining a first path 
having a refi-active index nj and a coefficient of expansion ai 

[16] a second block of material defining a second arm having a length substantially 
h optically coupled with the beam splitter and combiner, said second arm defining a 
second path having a refi-active index «2 and a coefficient of expansion a2, 

[17] wherein, «/, «2. oti and a2 are predetermined, wherein the lengths // and I2 of 
the two arms are selected such that they satisfy the equation: 


dn, 


drij 

n.a, + — - 

rijaj + — - 

. dT _ 
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[19] In accordance with yet another aspect of the invention there is provided A 
substantially athermal interferometric wavelocker comprising: 
[20] a beam splitter combiner; 

[21] a first arm of a first material having a first refi-active index, a first length, and 
a first coefficient of expansion; 

[22] a second arm of a second material having a second refi-active index, a second 
length, and a second coefficient of expansion; 

[23] wherein the refractive indices, lengths and coefficients of expansion of the 
first arm and the second arm are selected to provide a substantially athermal structure 
operating at ambient temperatures, 

[24] the first arm and second arm having inner end faces that meet adjacent faces 
of the beam splitter and combiner, the first and second arms being of a different 
optical path length such that light laxmched into the beam splitter and combiner, 
interferes upon recombining, and is output fi-om a combiner output port to provide a 
wavelocker signal which having a detectable characteristic which varies with 
wavelength. 
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Brief Description f the Drawings 

[25] Exemplary embodiments of the invention will now be described in 
conjunction with the drawings in which: 

[26] Fig 1 . is a schematic block diagram of a wavelocker circuit having a Twyman- 
Green interferometer to provide an indication of a change in wavelength to a detector, 

[27] Fig. 2 is a graph of intensity versus wavelength for the athermal 
interferometer in accordance with the invention. 

Detailed Description 

[28] Referring now to Fig. 1 a Twyman-Green interferometer 10 is shown. In 
accordance with an embodiment of this invention, this device can be used as a portion 
of a wavelocker circuit 20 for locking the wavelength of a laser 22 output signal. A 
small percentage of input light received at an input port 12 from the laser 22 is tapped 
for analysis, and a larger remaining portion of the input light is passed-through to an 
output port 24 to an intended destination. The tapped light us used to monitor changes 
in wavelength. A control circuit 28 provides a control signal to adjust the wavelength 
of the laser ou^ut signal in dependence upon these changes in wavelength. 

[29] The laser 22 is optically coupled to the input port 12 of a beam splitting and 
combining portion 14 of the Twyman-Green interferometer 10; Light incident upon 
the beam splitting and combining portion 14 received from the laser 22 is separated 
into two sub-beams Bi and B2 which are directed orthogonally along first and second 
arms 16 and 18 respectively of the Twyman-Green interferometer. The first arm 16 
has a refractive index ni and a coefficient of thermal expansion ai. The second arm 
18 has a refractive index n2 and a coefficient of thermal expansion a2. Outer free ends 
of the mterferometer arms 16 and 18 can be completely reflective, sending back all 
light incident upon them to be recombined interferometrically. Notwithstanding, in an 
embodiment that is described hereafter, the outer ends of the arms 16 and 18 are only 
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partially reflective, one being more reflective than the other to allow predetermined 
different amounts of light to pass therethrough, one as a monitoring port and one as a 
pass-through port. 

[30] In operation after the incoming light is separated, the two sub-beams Bi and 
B2 are re-combined and interfered after traversing different arms having different 
optical path lengths with a constant optical path length difference, through the 
Twyman-Green interferometer 10. A detector 26 at an output monitor port 15 of the 
Twyman-Green interferometer 10 is disposed to capture this re-combined light, which 
forms fringe patterns having varying intensity with varying wavelength of the laser 
input signal. Thus, a change in intensity corresponds to a change in wavelength. Since 
the optical path length difference that the two sub-beams Bi and B2 traverse is 
constant between the arms 16 and 18 any change in the output response will 
accurately indicate a change in wavelength of the input light. However, if the optical 
path length difference between the arms, which is a function of the refractive index, 
coefficient of expansion, and physical length of each arm varies with temperature, the 
output response detected at the detector will provide a spurious inaccurate wavelength 
measurement. In order to avoid variation with temperature, the interferometer must be 
made athermal. 

[31] Another device that may be suitable as a wavelocker component for detecting 
change in wavelength is a Mach-Zehnder interferometer. Whereas all the light in a 
single etalon traverses a common path, the light in a Mach-Zehnder as with the 
Twyman Green interferometer is split between two paths. 

[32] Because of this separation of the light paths the condition for athermality of 
this device differs from that for an etalon. This athermality condition is derived 
below. 

[33] The intensity transmittance of a Mach-Zehnder is given by: 
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[34] / = cos 


'[j(«l'l-«2'2)] 


(2) 


[35] where: ni, li is the index and length of path 1, 
[36] na, I2 is the index and length of path 2, and 
X is the wavelength. 

[37] The transmittance of a Mach-Zehnder is periodic and this periodicity is 
determined by the indices and lengths of the two paths according to: 


10 


[38] InJ.^nM^^ 


Av 


(3) 


15 


[39] where Av is the frequency interval and c is the vacuum speed of light. In 
order to produce an athermal Mach-Zehnder we need to find materials such that the 
derivative with respect to temperature of the argument of equation (2) is zero, that is, 
we require: 


[40] —(«,/.- "2/2) = 0. 


(4) 
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[41] Expanding this derivative gives: 


[42] 


d / , , \ , dn. dl. , dn., dL 

^y,V I 1 22/ l.^y I ^y, 1 ^j, 2 ^j. 


(5) 


[43] This can be re-written in terms of the coefficient of thermal expansion, a, as: 
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[45] where: 



(7) 


[47] Once two materials have been selected the only parameters required to be 
selected are the lengths of the two arms, li and I2. In order to produce a device with 
the proper periodicity and the desired property of athermality it is required to satisfy 
equations (3) and (6). Inspection shows that we have two equations with two 
unknowns (li and I2) which can be solved, provided these equations are linearly 
independent. Notwithstanding, to achieve a practicable solution, li and I2 must be 
positive numbers. This can be achieved if [na+dn/dT] for each material is the same 
sign, both positive or both negative. Since [na+dn/dT] is positive for almost any 
material, this condition is not often restrictive. 

[48] In contrast with a single etalon, where no material is known to satisfy the 
athermality condition of equation 1 , it appears that with two distinct materials, one 
can produce a Mach-Zehnder interferometer with a desired periodicity and 
athermality. Notwithstanding, practical considerations will show that certain 
materials are better candidates than others. 

[49] By way of example. Av = 25 GHz the following two glasses from the 
Schott catalog: 


1. n 


a 


dn/dT 


[50] Glass 1: N-LAK12 1.66 


7.6 ppm 


-2.7 ppm 


[51] Glass 2: SF57 


1.80 


8.3 


6.0 
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[52] Using these values the path lengths needed for athermality and a periodicity of 
25 GHz are: 

[53] 1, = 14.858 mm 

5 

[54] I2 - 7.036 mm. 


[55] The spectral performance of this device is shown in Fig 2 at two temperatures 
10 separated by 100 

[56] The athermal performance is clearly seen in this graph; the two curves are 
separated by less than 1 pm. 

1 5 [57] The above example shows how to construct an interferometer with zero 

thermal shift. It should be understood, however, that due to normal manufacturing 
tolerances, that absolute athermality might not be achievable in practice. 
Notwithstanding, the term athermal should be xmderstood to include small, negligible 
amounts of thermal dependency. 
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[58] Although the above results were derived for a Mach-Zehnder, this analysis 
can also be applied to other interferometer schemes. Because of the unequal physical 
path lengths of the above example, it might be easier to construct a Tyman-Green 
interferometer as illustrated in Fig. 1. 
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[59] Of course, numerous other embodiments may be envisaged, without departing 
from the spirit and scope of the invention. 
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